In this paper, we have investigated the electronic properties of rare earth mono-pnictides in rock-salt structured using the plasma oscillations theory of solids. We have presented the expressions relating the homopolar gap (Eh), ionic gap (Ec), average energy gap (Eg), crystal ionicity (fi) and electronic polarizability (αe) for rare earth monopnictides with the plasmon energy (ћωp). The electronic properties such as homopolar gap, ionic gap, average energy gap, crystal ionicity and electronic polarizability of these compounds exhibit a linear relationship when plotted on a loglog scale against the plasmon energy (ћωp). A fairly good agreement has been found between observed and calculated values of Eh, Ec, Eg, fi, and αe for rare earth monopnictides.
INTRODUCTION
Metals form an important class of technological materials that are exploited widely for their ductility and high electrical and thermal conductivity. The electronic properties of rare earth mono-chalcogenides and pnictides have long been a challenge to investigators; the chalcogenides and pnictides are difficult to fabricate into single-phase crystals and the experimental picture of their electronic structure is far from clear. During the last few years [1] [2] [3] [4] [5] , frequent attempts have been made to understand the electronic properties of rare earth compounds. This is because of their interesting semi conducting properties and various practical applications in the field of non-linear optics, electro-optic components, glass-making, grinding alloys, composites lasers, phosphors lasers, and electronics. Crystal ionicity is one of the most important key parameter of semi-conducting materials in discussing problems in the field of elastic constants, cohesive energy, heats of formation, bulk modulus and crystal structure 6 . Many researchers [7] [8] [9] [10] [11] have developed various theories and calculated crystal ionicity for the case of simple compounds. Phillips and Van Vechten have calculated the homopolar and heteropolar contribution to the chemical bond in the binary semiconductor alloys. This theory is based on the simple one-electron model originally suggested by Penn 10 and the model has used to separate the average energy gap into homopolar and heteropolar parts. The homopolar energy gap is taken to be a function of the nearest-neighbor distance only. Levine 6 has extended the Phillips and Van Vechten (PVV) theory for complex structured compounds considering also the effect of d core electrons. Singh and Gupta 11 have introduced the justification of Levine's theory. It is clear from the Levine's modifications as well as PVV theory that the value of homopolar energy gaps (Eh) depends upon the nearest neighbor distance, while heteropolar energy gaps (Ec) is a function of nearest-neighbor distance and valence number of electrons taking part in the bond formation. Singh et al. 12 have calculated the homopolar and heteropolar energy gaps in terms of inter-ionic separation R (in A 0 ) of A N B 8-N type crystals using the power law. In the previous work 13, 14 we have presented an empirical relations for the optical, electronic, static and dynamical properties in terms of plasmon energy of II-VI and III-V group binary solids. In many cases empirical relations do not give highly accurate results for each specific material, but they still can be very useful. In particular, the simplicity of empirical relations allows a broader class of researchers to calculate useful properties, and often trends become more evident.
In this paper we propose a method based on the plasma oscillation theory of solids for the calculation of the homopolar gap (Eh), ionic gap (Ec), average energy gap (Eg), crystal ionicity (fi) and electronic polarizability (αe) in rocksalt NaCl (B1) structured rare earth monopnictides. It is now well established that the plasmon energy of a metal changes 15, 16 , when it undergoes a chemical combination and forms a compound. A plasmon is a collective excitation of the conduction electrons in a metal with an energy ћωp, which depends on the density of the conduction electrons. This is due to fact that the plasmon energy depends on the density of the conduction electrons and effective number of the valence electrons, which changes when a metal form a compounds. We have calculated the electronic properties of rocksalt structured rare earth pnictides using this idea. In our proposed approach only plasmon energy is required as input, to evaluated various electronic properties of these materials and the method turns out to be widely applicable.
The purpose of this work is to estimate the electronic properties of rare earth monopnictides using the plasma oscillations theory of solids. The present investigations are organized as follows: the theoretical concept is given in Section-2 and we present the discussion and simulation results for electronic properties of rare earth monopnictides in this Section also. Finally, the conclusion is given in the last Section-3.
THEORY, RESULTS AND DISCUSSION
According to modified dielectric theory of solids 1, 2, 11 , in tetrahedral coordinated crystals, average energy gaps (Eg), between bonding and anti binding (sp 3 ) hybridized orbital may be decomposed into contribution due to symmetric and antisymmetric parts by the potential within unit cell. These contributions are heteropolar or ionic contribution represented by Ec and homopolar or covalent contribution represented by Eh, in the following form:
and the crystal ionicity as -
The covalent part Eh depends on the nearest neighbor separation dAB as follows: , where Nc is average coordination number. For NaCl type crystal structure Nc = 6 and b = 3.204. The physical meaning of equation (4) is that Ec is given by the difference between the Screened Coulomb Potentials of atoms A and B having core charges ZA and ZB. These potentials are to be evaluated at the covalent radii d0. Only a small part of the electrons are in the bond, the rest screen the ion cores, reducing their charge by the Thomas-Fermi screening factor exp (-Ksd0), which affects the chemical trend in a compound. This screening factor, as well as the bond length, is related to the effective number of free electrons in the valence band. The plasmon energy also depends directly on the effective number of free electrons in the valence band. Thus, there must be some correlation between the physical process, which involves the ionic contribution Ec to the average energy gap Eg and the plasmon energy of a compound.
Srivastava et al. [17] [18] [19] found that substantially reduced plasmon energy must be used to get better agreement with experimental values. Using this idea 13, 14 , we have recently presented the optoelectronic, static and dynamical properties such as electronic polarizability (αe), refractive index (n), ionicity (fi), optical susceptibility (χo), bulk modulus (B) and cohesive energy (ECoh) of II-VI and III-V group binary solids in term of plasmon energy (ћωp in eV) by the following formBulk modulus
where M and N are constants, which depend upon crystal structures. Because the plasmon energy of metal depend on the number of valence electrons which changes when a metal forms a compound. The homopolar gap (Eh), ionic gap (Ec), average energy gap (Eg), crystal ionicity (fi) and electronic polarizability (αe) of these rare earth monopnictides exhibit a linear relationship, when plotted on log-log scale against plasmon energy of the compounds, which is presented in Figs. 1-5 . We observed that in the plot of homopolar gap (Eh), ionic gap (Ec), average energy gap (Eg), crystal ionicity (fi) and electronic polarizability (αe) versus plasmon energy; the rare earth monopnictides lies on straight line. From figs. (1)- (5), it is quite obvious that the crystal ionicity (fi) and electronic polarizability (αe) trends in these compounds decreases with increase in plasmon energy and homopolar gap (Eh), ionic gap (Ec) and average energy gap (Eg) increases with increases Plasmon energy of the compounds. Similarly, based on the above expressions and discussion, we are of the view that homopolar gap (Eh), ionic gap (Ec), average energy gap (Eg), crystal ionicity (fi) and electronic polarizability (αe) of rare earth monopnictides can be evaluated using their plasmon energy (ћωp, in eV) by the following expressions-
Where D, S, Y, D*and S* are the constants, which depend upon the crystal structure of compounds. The numerical values of these constants for these materials are 0.0308, 0.089, 0.094, 0.894 and 19934.75 respectively. In above expressions the valence electron Plasmon energy is to be calculated using the relation (1) in our previous publication 13 . A detailed discussion of electronic properties of rare earth compounds has been given elsewhere 1,2,7-9,11,20 and will not be presented here.
Using above Eqs. (8)- (12), the homopolar gap (Eh), ionic gap (Ec), average energy gap (Eg), crystal ionicity (fi) and electronic polarizability (αe) for rock-salt structured rare earth compounds has been investigated. The results are presented in Table- 1. The calculated values are in excellent agreement with the values calculated by modified Phillips and Van-Vechten's dielectric theory of solids. In the present model the homopolar gap (Eh), ionic gap (Ec), average energy gap (Eg), crystal ionicity (fi) and electronic polarizability (αe) can be calculated without having any knowledge of the experimental values of optical dielectric constant while the earlier models require this value in their calculation.
CONCLUSION
The proposed empirical relations have been applied to investigate the homopolar gap (Eh), heteropolar gap (Ec), average energy gap (Eg), crystal ionicity (fi) and electronic polarizability (αe) for these rock-salt crystal structured rare earth monopnictides. We came to conclusion that the plasmon energy of rock-salt crystal structured solids is the key information for an understanding of the electronic properties of these rare earth monopnictides. The homopolar gap (Eh), ionic gap (Ec), average energy gap (Eg) of these materials is directly related to plasmon energy, and crystal ionicity (fi) and electronic polarizability (αe) of these materials is inversely related to the plasmon energy. The calculated values are presented in Table- 1. The values investigated show a systematic trend and are consistent with the modified PVV theory, which proves the validity of the approach. It is also note worthy that the proposed relations are simpler and widely applicable. This work is in support of our previous publication 21, 22 in which we have already reported optoelectronic, static and dynamical properties of II-VI and III-V group binary solids. It is natural to say that this model can easily be extended to rocksalt, zinc-blende binary solids and chalcopyrite crystal structured, for which the work is in progress and will be appearing in a forthcoming paper. Using the proposed approach simply we are of the view that the proposed approach is one of the best approaches in order to explain the electronic properties of entire range of crystalline solids. 
